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(54) Expandable wellbore junction 

(57) A method of interconnecting first and second 
wellbores. The method comprises the steps of: forming 
a radially enlarged cavity (20) in the first wellbore (12) 
below casing (14) lining the first wellbore (1 2); position- 
ing a wellbore connector (22) within the cavity (20), the 
wellbore connector (22) being configurable in expanded 
and contracted configurations; and expanding the well- 
bore connector (22) within the cavity (20). 
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Description 

[0001] The present invention relates generally to op- 
erations performed in conjunction with subterranean 
weiis and, in an embodiment described herein, more 
particularly provides methods and apparatus for inter- 
connecting multiple wellbores. 
[0002] It is well known in the art to drill multiple inter- 
secting wellbores, for example, by drilling a main or par- 
ent weilbore extending to the earth's surface and then 
drilling one or more branch or lateral wellbores extend- 
ing outwardly from the parent weilbore. However, inter- 
connecting these wellbores at intersections thereof still 
present challenges. 

[0003] It is important to prevent migration of fluids be- 
tween earthen formations intersected by the wellbores, 
and also to isolate fluid produced from, or injected into, 
each weilbore from communication with those forma- 
tions (except for the formations into, or from, which the 
fluid is injected or produced). Hereinafter, completion 
operations for production of fluid are discussed, it being 
understood that fluid may also, or alternatively, be in- 
jected into one or more of the wellbores. 
[0004] An expandable weilbore junction permits a uni- 
tized structure to be positioned at a weilbore intersec- 
tion. The expandable junction is then expanded to pro- 
vide access to each of the wellbores therethrough. In 
this manner, the unitized weilbore junction may be con- 
veyed through the dimensional confines of the parent 
weilbore, appropriately positioned at the weilbore inter- 
section, and then expanded to provide a tubular portion 
thereof directed toward each weilbore. 
[0005] Unfortunately, methods and apparatus have 
yet to be developed which address problems associated 
with utilizing expandable weilbore connectors. For ex- 
ample, it would be desirable for minimal dimensional re- 
strictions to be presented where a liner or casing string 
extending into each of the wellbores is connected to the 
weilbore connector, in order to provide enhanced fluid 
flow and access therethrough. As another example, in 
some cases it would be desirable to be able to expand 
the weilbore connector in the parent weilbore prior to 
drilling the lateral weilbore. Additionally, it would be de- 
sirable to provide methods and apparatus for conven- 
iently and advantageously attaching tubular members 
to the weilbore connector. It is accordingly an object of 
the present invention to provide such methods and ap- 
paratus. 

[0006] In carrying out the principles of the present in- 
vention, in accordance with an embodiment thereof, 
methods and apparatus are provided which facilitate in- 
terconnection of multiple wellbores in a subterranean 
well. 

[0007] In one aspect of the present invention, a meth- 
od is provided in which a cavity is formed fri a parent 
weilbore prior to drilling a lateral weilbore. The cavity is 
formed below casing lining the parent weilbore. An ex- 
pandable weilbore connector is positioned in the cavity 



and expanded therein. The weilbore connector may be 
cemented in the cavity. The parent weilbore may then 
be extended, and the lateral weilbore may be drilled, by 
passing one or more cutting tools through the weilbore 
s connector. Methods and apparatus for sealingly engag- 
ing the weilbore connector with tubular members ex- 
tending into the wellbores are also provided. In an alter- 
nate method, the cavity may be formed radially outward- 
ly through the casing. 
io [0008] In another aspect of the present invention, a 
tubular member is sealingly attached to a wellbo/e con- 
nector by outwardly deforming the tubular member with- 
in the weilbore connector. The tubular member has a 
radially reduced portion with a sealing material carried 

is externally on the radially reduced portion. When the tu- 
bular member is radially outwardly deformed, the seal- 
ing materia] is radially compressed between the tubular 
member and the weilbore connector. A grip member or 
slip may also be carried on the radially reduced portion 

^0 of the tubular member. The grip member may be circum- 
ferentiaily continuous and may be disposed at least par- 
tially within the sealing material. 
[0009] In yet another aspect of the present invention, 
methods and apparatus for sealingly attaching two tu- 

2S bular members are provided. One of the tubular mem- 
bers has a radially reduced portion and a sealing mate- 
rial carried externally on the radially reduced portion. 
The tubular member with the radially reduced portion is 
inserted into the other tubular member and the radially 

30 reduced portion is radially outwardly extended. This 
may be accomplished by any method, including swag- 
ing, applying fluid pressure within the radially reduced 
portion, axially compressing a member within the radi- 
ally reduced portion, etc. Outward expansion of the ra- 

35 dially reduced portion may also cause outward expan- 
sion of the outer tubular member, and may cause plastic 
deformation of the outer tubular member. 
[001 0] In still another aspect of the present invention, 
a weilbore connector in a parent weilbore is intercon- 

40 nected with a tubular structure positioned in a parent or 
lateral weilbore. A tubular member is inserted into one 
or both of the weilbore connector and the tubular struc- 
ture. A radially reduced portion of the tubular member 
is then radially outwardly extended to sealingly engage 

45 one or both of the weilbore connector and the tubular 
structure. A minimum internal dimension of the tubular 
member may thereby be increased. 
[0011] in another aspect of the present invention, a 
packer is formed by providing one or more radially re- 

so duced portions on a tubular body. A sealing material is 
disposed externally on each of the radially reduced por- 
tions. A grip member may also be carried on the radially 
reduced portion and may be molded at least partially into 
the sealing material. 

ss [0012] In yet another aspect of the present invention, 
a method of forming an opening through a sidewall of a 
tubular structure lining a weilbore is provided. A deflec- 
tion device having a substantially axially extending 
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guide layer outwardly overlying a body of the deflection 
device is positioned in the wellbore. A cutting tool is then 
displaced axially relative to the deflection device. A 
guide portion of the cutting device engages the guide 
layer, guiding the cutting tool to form the opening while 
cutting through the guide layer. 
[0013] According to another aspect of the invention 
there is provided a method of interconnecting first and 
second wellbores, the method comprising the steps of: 
forming a radially enlarged cavity in the first wellbore 
below casing lining the first wellbore; positioning a well- 
bore connector within the cavity, the wellbore connector 
being configurable in expanded and contracted config- 
urations; and expanding the wellbore connector within 
the cavity. 

[0014] In the positioning step, the wellbore connector 
may be conveyed into the first wellbore attached to a 
tubular string. 

[0015] In an embodiment, the method further com- 
prises the step of sealingry engaging the tubular string 
with the casing. 

[0016] In an embodiment, the method further com- 
prises the step of extending the first wellbore by passing 
a cutting tool axially through the wellbore connector. The 
wellbore connector may be cemented within the cavity. 
The cementing step may be performed after the expand- 
ing step and before the extending step. A tubular mem- 
ber may be inserted through the wellbore connector and 
into the extended first wellbore. and the tubular member 
may be sealingly engaged with the wellbore connector. 
[0017] In an embodiment, the method further com- 
prises the step of installing a deflection device within the 
wellbore connector. The installing step may further com- 
prise engaging the deflection device with an orienting 
profile. The method may further comprise the steps of 
passing a cutting tool through the wellbore connector, 
laterally deflecting the cutting tool off of the deflection 
device, aiid forming the second wellbore with the cutting 
tool. The method may further comprise the steps of 
passing a tubular member through the wellbore connec- 
tor, laterally deflecting the tubular member off of the de- 
flection device and into the second wellbore. and seal- 
ingly engaging the tubular member with the wellbore 
connector. 

[0018] According to another aspect of the invention 
there is provided a method of interconnecting first and 
second wellbores, the method comprising the steps of: 
positioning a wellbore connector within the first well- 
bore, the wellbore connector being configurable m ex- 
panded and contracted configurations; expanding the 
wellbore connector after the positioning step; and form- 
ing the second wellbore by passing a cutting tool 
through the wellbore connector. 
[001 9] The method may further comprise the step of 
installing a deflection device within the wellbore connec- 
tor The forming step may further comprise laterally de- 
flecting the cutting tool off of the deflection device within 
the wellbore connector. The installing step may further 



comprise aligning a laterally inclined deflection surface 
of the deflection device with an outwardly extended por- 
tion of the wellbore connector. 
[0020] In an embodiment, the method further com- 
s prises the steps of passing a tubular member through 
the wellbore connector into the second wellbore, and 
sealingly engaging the tubular member with the well- 
bore connector. The passing step may further comprise 
laterally deflecting the tubular member off of a deflection 
io device installed in the wellbore connector. 

[0021] According to another aspect of the invention 
there is provided a method of interconnecting first and 
second wellbores, the method comprising the steps of : 
forming a cavity through a sidewall of a tubular structure 
is lining the first wellbore; positioning a wellbore connector 
in the tubular structure opposite the cavity, the wellbore 
connector being configurable in expanded and contract- 
ed configurations; and expanding a portion of the well- 
bore connector into the cavity. 
20 [0022] In an embodiment, the method further com- 
prises the step of forming the second wellbore by pass- 
ing a cutting tool through the wellbore connector. In an 
embodiment, the method further comprises the step of 
installing a deflection device within the wellbore connec- 
ts tor. The forming step may further comprise laterally de- 
flecting the cutting tool off of the deflection device within 
the wellbore connector. The installing step may further 
comprise aligning a laterally inclined deflection surface 
of the deflection device with the wellbore connector por- 
30 tion. 

[0023] In an embodiment, the method further com- 
prises the steps of passing a tubular member through 
the wellbore connector into the second wellbore. and 
sealingry engaging the tubular member with the well- 
35 bore connector. The passing step may further comprise 
laterally deflecting the tubular member off of a deflection 
device installed in the wellbore connector. 
[0024] According to another aspect of the invention 
there is provided a method of interconnecting first and 
40 second wellbores, the method comprising the steps of : 
positioning a wellbore connector in the first wellbore, the 
wellbore connector being configurable in expanded and 
contracted configurations; disposing a first tubular 
member in the second wellbore; and sealingly engaging 
45 a second tubular member with the wellbore connector 
and the first tubular member, the second tubular mem- 
ber thereby permitting fluid communication between the 
wellbore connector and the first tubular member. 
[0025] In an embodiment, the sealingly engaging step 
bo further comprises radially outwardly deforming the sec- 
ond tubular member. 

[0026] In an embodiment, the disposing step further 
comprises laterally deflecting the first tubular member 
off of a deflection device positioned within the wellbore 
55 connector. 

[0027] In an embodiment, the method further com- 
prises the step of expanding the wellbore connector be- 
fore the disposing step. 
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[0028] In an embodiment, the method further com- 
prises the step of forming the second wellbore after the 
positioning step. 

[0029] According to another aspect of the invention 
there is provided a method of interconnecting first and 
second welibores, the method comprising the steps of: 
positioning a wellbore connector in the first wellbore; po- 
sitioning a first tubular member in the second wellbore; 
installing one opposite end of a second tubular member 
within a tubular portion of the wellbore connector; install- 
ing the other opposite end of the second tubular member 
within the first tubular member; radially outwardly de- 
forming the one opposite end, thereby sealingly engag- 
ing the second tubular member with the wellbore con- 
nector; and sealingly engagingthe secondtubular mem- 
ber with the first tubular member. 
[0030] In an embodiment, the step of radially outward- 
ly deforming the one opposite end further comprises ra- 
dially outwardly deforming at least a portion of the well- 
bore connector. 

[0031] In an embodiment, the sealingly engaging step 
further comprises radially outwardly deforming the other 
opposite end. The step of radially outwardly deforming 
the other opposite end may further comprise radially 
outwardly deforming at least a portion of the first tubular 
member. 

[0032] In an embodiment, the step of radially outward- 
ly deforming the one opposite end further comprises en- 
gaging a grip member with the wellbore connector 
[0033] In an embodiment, the step of radially outward- 
ly deforming the one opposite end further comprises in- 
creasing a minimum internal diameter of the second tu- 
bular member. The increasing step may further com- 
prise increasing the second tubular member minimum 
internal diameter such that it is at least as great as a 
minimum internal diameter of the tubular portion of the 
wellbore connector in which the one opposite end is in- 
stalled. 

[0034] According to another aspect of the invention 
there is provided a method of interconnecting first and 
second welibores of a subterranean well, the method 
comprising the steps of : installing a first tubular member 
in the well, a first portion of the first tubular member ex- 
tending axially within the first wellbore, a second portion 
of the first tubular member extending laterally across the 
first wellbore, and a third portion of the first tubular mem- 
ber extending into the second wellbore; forming an 
opening through the first tubular member second por- 
tion; positioning a wellbore connector within the first tu- 
bular member, and sealingly engaging the wellbore con- 
nector within the first tubular member. 
[0035] In an embodiment, the wellbore connector is 
configurable in expanded and contracted configura- 
tions, and further comprising the step of expanding the 
wellbore connector within the first tubular member 
[0036] In an embodiment, the sealingly engaging step 
further comprises sealingly engaging a second tubular 
member attached to the wellbore connector within the 



first tubular member. 

[0037] According to another aspect of the invention 
there is provided a method of interconnecting first and 
second welibores, the method comprising the steps of: 

5 positioning a deflection device within the first wellbore, 
the deflection device having a substantially longitudinal- 
ly extending guide layer outwardly overlying a body of 
the deflection device, and the guide layer having a hard- 
ness substantially less than that of the body; and dis- 

w placing a cutting tool substantially longitudinally relative 
to the deflection device, a guide portion of thexutting 
tool contacting the guide layer, thereby guiding the cut- 
ting tool to cut an opening through a tubular structure 
lining the first wellbore while cutting through the guide 

is layer. 

[0038] In an embodiment, the positioning step further 
comprises engaging the deflection device with an ori- 
enting device within the first wellbore. The method may 
further comprising the step of engaging a wellbore con- 

20 nector with the orienting device. The method may further 
comprising the step of extending a portion of the well- 
bore connector lateraily outward into the opening. The 
method may further comprising the step of drilling the 
second wellbore through the wellbore connector. The 

2$ method may further comprising the step of sealingly en- 
gaging the wellbore connector with a tubular member 
extending into the second wellbore. 
[0039] According to another aspect of the invention 
there is provided apparatus for forming an opening 

30 through a tubular structure lining a wellbore, the appa- 
ratus comprising: an elongated body having a generally 
longitudinally extending surface formed thereon; and a 
guide layer attached to the surface, the guide layer hav- 
ing a hardness substantially less than that of the body. 

35 [0040] In an embodiment, the body further has an ori- 
enting device engagement portion attached thereto, the 
engagement portion being configured for engagement 
with an orienting profile positioned in the wellbore. 
[0041] In an embodiment, the body further has a lat- 

40 erally inclined deflection surface formed thereon proxi- 
mate an end of the body. The guide layer is preferably 
not attached to the deflection surface. 
[0042] In an embodiment, the apparatus further com- 
prises a cutting tool releasably secured to the body. The 

4S cutting tool may include a guide portion, the guide por- 
tion contacting the guide layer and being guided longi- 
tudinally thereby when the cutting tool is displaced lon- 
gitudinally relative to the body. The cutting tool may be 
configured to cut through the guide layer when the cut- 
so ting tool is displaced longitudinally relative to the body. 
[0043] According to another aspect of the invention 
there is provided a method of sealing a first tubular 
member within a second tubular member, the method 
comprising the steps of: providing the first tubular mem- 

ss ber having a radially reduced portion and a sealing ma- 
terial positioned circumferentially and externally on the 
radially reduced portion; inserting the first tubular mem- 
ber within the second tubular member, and radially out- 
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wardly extending the radially reduced portion, thereby 
compressing the sealing material between the first and 
second tubular members. 

[0044] In an embodiment, the radially outwardly ex- 
tending step is performed by outwardly deforming the 
radially reduced portion. 

[0045] In an embodiment, the radially outwardly ex- 
tending step further comprises increasing an internal di- 
ameter of the radially reduced portion. In the radially out- 
wardly extending step, the radially reduced portion in- 
ternal diameter may be increased to at least as great as 
a minimum internal diameter of the remainder of the first 
tubular member. 

[0046] In an embodiment, the radially outwardly ex- 
tending step further comprises swaging at least a por- 
tion of the first tubular member. 
[0047] In an embodiment, the radially outwardly ex- 
tending step further comprises applying fluid pressure 
within the first tubular member. 
[0048] In an embodiment, the radially outwardly ex- 
tending step further comprises longitudinally compress- 
ing a structure within the first tubular member. 
[0049] In an embodiment, in the providing step, a grip 
member is positioned externally on the radially reduced 
portion. The radially outwardly extending step may fur- 
ther comprise engaging the grip member with the sec- 
ond tubular member. 

[0050] In an embodiment, the radially outwardly ex- 
tending step further comprises radially outwardly ex- 
tending the second tubular member. In the second tu- 
bular member radially outwardly extending step, the 
second tubular member may be plastically deformed. 
[0051] According to another aspect of the invention 
there is provided apparatus for sealing engagement with 
a tubular structure, the apparatus comprising: a gener- 
ally tubular member having a radially reduced portion 
formed thereon; a sealing material externally disposed 
on the radially reduced portion; and a grip member ex- 
ternally disposed on the radially reduced portion. 
[0052] In an embodiment, the sealing material is 
moulded onto the radially reduced portion. 
[0053] In an embodiment, the grip member is mould- 
ed at least partially within the sealing material. 
[0054] In an embodiment, the grip member extends 
continuously circumferentially about the radially re- 
duced portion. The grip member may be circumferen- 
tially corrugated. 

[0055] According to another aspect of the invention 
there is provided a packer comprising: a generally tubu- 
lar member having first and second radially reduced and 
longitudinally spaced apart portions formed thereon; a 
sealing material externally disposed on each of the first 
and second radially reduced portions; and a grip mem- 
ber externally disposed on at least one of the radially 
reduced portions. 

[0056] In an embodiment, the packer further compris- 
es a first latch profile formed internally on the tubular 
member. The packer may further comprise a second 



latch profile formed internally on the tubular member 
spaced apart from the first latch profile. 
[0057] In an embodiment, the sealing material is 
moulded onto at least one of the radially reduced por- 

5 tions. 

[0058] In an embodiment, the grip member is mould- 
ed at least partially within the sealing material. 
[0059] In an embodiment, the grip member extends 
continuously circumferentially about at least one of the 
io radially reduced portions. The grip member may be cir- 
cumferentially corrugated. 

[0060] According to another aspect of the invention 
there is provided a method of setting a packer within a 
tubular structure in a subterranean well, the method 

is comprising the steps of: providing the packer including 
a generally tubular body having at least one radially re- 
duced portion formed thereon and a sealing material ex- 
ternally disposed on the radially reduced portion; and 
radially outwardly extending the radially reduced por- 

20 tion, thereby displacing the sealing material into sealing 
engagement with the tubular structure. 
[0061] In an embodiment, the radially outwardly ex- 
tending step further comprises swaging at least a por- 
tion of the body. 

6 [0062] In an embodiment, the radially outwardly ex- 
tending step further comprises applying fluid pressure 
within the body. 

[0063] In an embodiment, the radially outwardly ex- 
tending step further comprises longitudinally compress- 
so ing a structure within the body. 

[0064] In an embodiment, in the providing step, a grip 
member is positioned externally on the radially reduced 
portion. The radially outwardly extending step may fur- 
ther comprises engaging the grip member with the tu- 
35 bular structure. In the providing step, the grip member 
may be carried at least partially within the sealing ma- 
terial. 

[0065] In an embodiment, the radially outwardly ex- 
tending step further comprises radially outwardly ex- 
40 tending the tubular structure. In the tubular structure ra- 
dially outwardly extending step, the tubular structure 
may be plastically deformed. 
[0066] Reference is now made to the accompanying 
drawings, in which: 

45 

FIGS. 1A-1D are schematic cross-sectional views 
of a first embodiment of a method of interconnecting 
wellbores, according to the invention; 
FIGS. 2A-2D are schematic cross-sectional views 
so of a second embodiment of a method of intercon- 
necting wellbores, according to the invention; 
FIGS. 3A-3B are schematic cross-sectional views 
of a third embodiment of a method of interconnect- 
ing wellbores, according to the invention; 
55 FIGS. 4A-4B are schematic cross-sectional views 
of a fourth embodiment of a method of interconnect- 
ing wellbores, according to the invention; 
FIGS. 5A-5D are schematic cross-sectional views 
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wellbores and apparatus therefor, according to the 

fTgsT^B are partially e.evationa. and partially 

close-sectional views of an embodiment of a seal- 

inn device according to the invention; 

FIGS 6C-6F are somewhat enlarged cross-sec- 

tiona- views of alternative forms of a grip member 

utilized in the sealing device of FIGS. 

FIG. 7 is a cross-sectional view of an embodiment 

ofamethodotsealinglyattachingtubularmembers, 

neeordin a to the invention; 

fTs te a cross-sectiona. view of an embodiment 

da packer and a first embodiment of a method of 

lin'gte pTcker. the packer and method being ,n 

accordance with the invention; 

S 9isa cross-sectional view of the packer of FIG. 

8 « ? embodiment of a method of settmg 

the oacker according to the invention; and 

FIgTo is a cross-sectional view of the packer of 
RG^andan embodiment ofamethodotretnev^g 

the packer, according to the invent.on. 



r00671 Representatively illustrated h FIGS. 1 A-1D is 
^scriotionof the method 10 and other methods and ap 

ni^e^eW^ 
convenience in rerernng io various em- 

the principles erf the present inventor 
steps of the method 10 have already b p^ ^ ^ 

of the casing, ft is, however to dj _ 
that rt is not necesjry <or the w*o 
rectly to the earth | * method „, which the 

SST ^Se casing 14 has been cemented in the 
Sre TsZw eVged 
the earth below the casing shoe 18. The cavrty ^2 y 



wellbore 1 2 attached to atubular string 24. The wellbore 
Sor22 tadta type which tofcaccrflaps* con- 
dor retracted configuration as shown jn FIG 1A 
S permits It to be conveyed within the dimensional 

configuration as shown in FIG. 1B, which permte rtto 
be interconnected to muttiple tubular members at least 
one dwSch extends laterally outwardly therefrom. Ex- 
rmplestf wellbore connectors which maybe 

10 S method 10 are those described in published Eura- 
TeaS ent applfcatkx, EP 0795679A2. published PCT 
pafent^pplication WO 97/06345, and U.S^ Patent No. 

S. Other wellbore connectors, and other types 
of Sore connectors, may be utilized in the method 

,s To wfthTut departing from the principles of the present 

Pr'Re»erringnowtoF.G.1B.thewel.boreconnec^ 
22 is positioned within the cavity 20. The wellbore 
^nec!o?22*orientedwfth respect to the wellbore 12 
20 sTTat «s lateral flow paesage 26. when ^expanded o 
extended, will be direded toward a desired tetera or 
bL*wellbore28(seeF.G.1C).™^ 
wellbore connector 22 may be accomplished by any 
Lwn procedure, such as by using a gyroscope high- 

„« otherwise attached to, the wellbore connector 22 
to aid in the orienting operation. _ 
So721 The wellbore connector 22 is expanded or ex- 
Snded so that at least one lateral flow passage 26 ex- 
,o Tends ou^ardty therefrom. If desired, the lateral flow 
passage 26 may be swaged or otherwise . made , t ^ 
tormtoacylMrk«loromerehape.toenhancethe 

Sto later attach and/or seal tubular members thereto, 
pass tubular members therethrough, eta. 
35 P073] Wrfh the weltoore connector 22 P£»"££ 
*e cavity 20. oriented with respect to the lateral well 
Se 28 to be drilled, and the lateral flow passage 26 
extended, cement 34 is flowed intothecav^and wrthin 
S£*g l4belowapacker32ofthetubuterstnng24 
40 7?e^cker 32 is set in the casing 14 after the cement 
^flowedintotheca^ 
lizedtopreventthe cement 34 from flowmg intothe weH 
bore connector 22. A similar or different type of closure, 
^ac—i shoe, may be utilized to P^t thece- 
4S mentfrc™flowingintoatower«.a^ 

[00741 When the cement 34 has hardened, the parent 
wellbore 12may be extended by fringe drrf or cut- 
tino tool, such as the cutting tool 38 shown in FIG jc^ 

50 22,an^drillingthrcH,ghthec^ 

below the cavity 20. In this manner, a lower pa ent well 
^ 42 rr^be formed extending axially or tongitud,- 
S tromtne wellbore connector 22. If. however the 
Sow parage 40 is other than axfclly or longrtudina fy 
55 S the wellbore 42 may also be other than ax,ally 
or longitudinally directed as desired^ 
[007S1 A liner, casing or other tubular membe -44 t is 
Lnconveyed intothe wellbore 42. The tubular member 
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44 is cemented in the wellbore 42 and sealingly attached 
to the wellbore connector 22 at the flow passage 40 uti- 
lizing a sealing device 46. The sealing device 46 may 
be a packer, liner hanger, or any other type of sealing 
device, including a sealing device described more fully 
below. 

[0076] At this point, the lower parent wellbore 42 may 
be completed if desired. For example, the tubular mem- 
ber 44 may be perforated opposite a formation intersect- 
ed by the wellbore 42 from which, or into which, it is de- 
sired to produce or inject fluid. Alternatively, completion 
of the wellbore 42 may be delayed until after drilling of 
the lateral wellbore 28, or performed at some other time. 
[0077] Referring now to FIG. 1 C, a deflection device 
48 having an upper laterally inclined deflection surface 
50 formed thereon is installed within the wellbore con- 
nector 22. The deflection device 48 is lowered through 
the tubular string 24, into the wellbore connector 22, and 
engaged with the orienting profile 30 (not visible in FIG. 
1C). The orienting profile 30 causes the deflection sur- 
face 50 to face toward the lateral flow passage 26. 
[0078] The cutting tool 38 is then lowered through the 
tubular string 24. The deflection surface 50 deflects the 
cutting tool 38 laterally into and through the lateral flow 
passage 26. The lateral wellbore 28 is. thus, drilled by 
passing the cutting tool 38 through the wellbore connec- 
ts* 22 - 

[0079] Referring nowto FIG. 1 D, a liner, casing or oth- 
er tubular member 52 is lowered through the wellbore 
connector 22 and deflected laterally by the deflection 
device 48 through the flow passage 26 and into the lat- 
eral wellbore 28. The tubular member 52 is cemented 
in the wellbore 28 and sealingly attached to the wellbore 
connector 22 at the flow passage 26 utilizing a sealing 
device 54. The sealing device 54 may be a packer, liner 
hanger, or any other type of sealing device, including a 
sealing device described more fully below. 
[0080] At this point, the lateral wellbore 28 may be 
completed if desired. For example, the tubular member 
52 may be perforated opposite a formation intersected 
by the wellbore 28 from which, or into which, it is desired 
to produce or inject fluid. Alternatively, completion of the 
wellbore 28 may be delayed until some other time. 
[0081] The deflection device 48 is retrieved from the 
wellbore connector 22. However, the deflection device 
48 may be installed in the wellbore connector 22 again 
at any time it is desired to pass tools, equipment, etc. 
from the tubular string 24 into the tubular member 52. 
[0082] It may now be fully appreciated that the method 
10 provides a convenient and efficient manner of inter- 
connecting the wellbores 42, 28. The tubular members 
44, 52 being cemented in the wellbores 42, 28 and seal- 
ingly attached to the wellbore connector 22, which is ce- 
mented within the cavity 20, prevents migration of fluid 
between the wellbores 12, 42, 28. The tubular string 24 
and tubular members 44, 52 being sealingly attached to 
the wellbore connector 22 prevents communication be- 
tween the fluids conveyed through the tubular members 



and the tubular string, and any earthen formation inter- 
sected by the wellbores 12, 42, 28 (except where the 
tubular members may be perforated or otherwise con- 
figured for such fluid communication), 
s [0083] Referring additionally nowto FIGS. 2A-2D, an- 
other method 60 of interconnecting wellbores is repre- 
sentatively illustrated. The method 60 is similar in many 
respects to the method 1 0 described above. However, 
the method 60 may be utilized where it is not desired to 
10 position the wellbore junction below casing lining a par- 
ent wellbore. 

[0084] Referring specifically to FIG. 2A, initial steps 
of the method 60 have been performed. A parent or main 
wellbore 62 has been drilled from the earth's surface. 
1* The parent wellbore 62 has been lined with protective 
casing 64, and cement 66 has been flowed into the an- 
nular space between the casing and the wellbore. It is, 
however, to be clearly understood that it is not neces- 
sary for the wellbore 62 to extend directly to the earth's 
zo surface. Principles of the present invention may be in- 
corporated in a method in which the wellbore 62 is ac- 
tually a lateral wellbore or branch of another wellbore. 
[0085] After the casing 64 has been cemented in the 
wellbore 62, a radially enlarged cavity 68 is formed ex- 
2S tending radially outward from the casing. The cavity 68 
may be formed by any known procedure, such as by 
underreaming, section milling, hydraulic jet cutting, ex- 
plosives, etc., or a combination of known procedures, 
such as section milling followed by jet cutting, etc. Thus, 
30 the cavity 68 is formed through the casing 64 and out- 
ward into orthrough the cement 66 surrounding the cas- 
ing. The cavity 68 may also extend into the earth sur- 
rounding the cement 66 as representatively illustrated 
in FIG. 2A. 

35 [0086] A liner, casing or other tubular member 70 may 
be installed in a lower parent wellbore 72 and cemented 
therein. This operation may be performed before or after 
the cavity 68 is formed. Alternatively, the tubular mem- 
ber 70 may be conveyed into the tower parent wellbore 
40 72 at the same time as an expandable wellbore connec- 
tor 74 is positioned in the cavity 68 (see FIG. 2B). As 
another alternative, the tubular member 70 may be in- 
stalled after the wellbore connector 74 is cemented with- 
in the cavity 68, as described above for the method 10 
46 in which the tubular member 44 was installed in the low- 
er parent wellbore 42 drilled after the cement 34 hard- 
ened. Of course, the tubular member 44 could also be 
installed in the method 10 using any of the procedures 
described for the tubular member 70 in the method 60. 
60 [0087] Referring now to FIG. 2B, the wellbore connec- 
tor 74 is conveyed into the wellbore 62 attached to a 
tubular string 76. As representatively illustrated in FIG. 
2B. the tubular member 70 is conveyed into the lower 
parent wellbore 72 as a portion of the tubular string 76, 
55 it being understood that the tubular member 70 could 
have already have been installed therein as shown in 
FIG. 2A, or could be installed later as described above 
for the tubular member 44 in the method 10. The well- 
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bore connector 74 is similar to the wellbore connector 
22 described above. However, other welibore connec- 
tors, and other types ot wellbore connectors, may be uti- 
lized in the method 60 without departing from the pnn- 
ciples of the present invention. 
[0088] The wellbore connector 74 is positioned within 
the cavity 68. The wellbore connector 74 is oriented with 
respect to the wellbore 62, so that its lateral flow pas- 
sage 78, when expanded or extended, will be directed 
toward a desired lateral or branch wellbore 80 (see FIG. 
2C). This orientation of the wellbore connector 74 may 
be accomplished by any known procedure, such as by 
using a gyroscope, high-side indicator, etc. An orienting 
profile 82 (see FIG. 2D) may be formed in, or otherwise 
attached to, the wellbore connector 74 to aid in the ori- 
enting operation. When the wellbore connector 74 has 
been properly oriented, a packer 84 of the tubular string 
76 is set in the casing 64. 

[0089] Referring nowto FIG. 2C, the wellbore connec- 
tor 74 is expanded or extended, so that at least one lat- 
eral flow passage 78 extends outwardly therefrom. If de- 
sired, the lateral flow passage 78 may be swaged or oth- 
erwise made to conform to a cylindrical or other shape, 
to enhance the ability to later attach and/or seal tubular, 
members thereto, pass tubular members therethrough, 
etc. 

[0090] FIG. 2C shows an alternate method of inter- 
connecting the wellbore connector 74 to the tubular 
member 70. Another tubular member 88 is conveyed in- 
to the well already attached to the wellbore connector 
74. The tubular member 88 is sealingly engaged with 
the tubular member 70 when the wellbore connector 74 
is positioned within the cavity 68. For example, the tu- 
bular member 88 may carry a sealing device 90 thereon 
for sealing engagement with the tubular member 70, 
such as a packing stack which is stabbed into a polished 
bore receptacle attached to the tubular member, etc. Al- 
ternatively, the sealing device 90 may be a conventional 
packer or a sealing device of the type described more 
fully below. 

[0091] With the wellbore connector 74 positioned in 
the cavity 68, oriented with respect to the lateral well- 
bore 80 to be drilled, and the lateral flow passage 78 
extended, cement 86 is flowed into the cavity surround- 
ing the wellbore connector 74. Of course, the packer 84 
may be unset during the cementing operation and then 
set thereafter. One or more closures, such as the clo- 
sure 36 described above, may be used to exclude ce- 
ment from the flow passage 78 and/or other portions of 
the wellbore connector 74. 

[0092] When the cement 86 has hardened, the parent 
wellbore 62 may be extended if it has not been previ- 
ously extended. This operation may be performed as 
described above for the method 1 0, or it may be accom- 
plished by any other procedure. If the lower parent well- 
bore 72 is drilled after the wellbore connector 74 is po- 
sitioned and cemented within the cavity 68, the tubular 
member 70 is then installed and cemented therein. 



[0093] At this point, the lower parent wellbore 72 may 
be completed if desired. For example, the tubular mem- 
ber 70 may be perforated opposite a formation intersect- 
ed by the wellbore 72 from which, or into which, it is de- 
s sired to produce or inject fluid. Alternatively, completion 
of the wellbore 72 may be delayed until after drilling of 
the lateral wellbore 80, or performed at some other time. 
[0094] A deflection device 92 having an upper later- 
ally inclined deflection surface 94 formed thereon is in- 
to stalled within the wellbore connector 74. The deflection 
device 92 is lowered through the tubular string 76, into 
the wellbore connector 74, and engaged with the orient- 
ing profile 82 (not visible in FIG. 2C, see FIG. 2D). The 
orienting profile 82 causes the deflection surface 94 to 
ts face toward the lateral flow passage 78. 

[0095] A cutting tool 96 is then towered through the 
tubular string 76. The deflection surface 94 deflects the 
cutting tool 96 laterally into and through the lateral flow 
passage 78. The lateral wellbore 80 is, thus, drilled by 
so passing the cutting tool 96 through the welibore connec- 
tor 74. 

[0096] Referring nowto FIG. 2D, a liner, casing or oth- 
er tubular member 98 is lowered through the wellbore 
connector 74 and deflected laterally by the deflection 
25 device 92 through the flow passage 78 and into the lat- 
eral wellbore 80. The tubular member 98 is cemented 
in the wellbore 80 and sealingly attached to the wellbore 
connector 74 at the flow passage 78 utilizing a sealing 
device 100. The sealing device 100 may be a packer, 

30 liner hanger, or any other type of sealing device, includ- 
ing a sealing device descrfoed more fully below. 
[0097] Note that FIG. 2D shows the tubular member 
70 as if it was conveyed into the well attached to the 
wellbore connector 74, as described above in relation 

35 to the alternate method 60 as shown in FIG. 2B. In this 
case, the tubular member 70 may be cemented within 
the lower parent wellbore 72 at the same time the well- 
bore connector 74 is cemented within the cavity 68. 
[0098] At this point, the lateral wellbore 80 may be 

40 completed if desired. For example, the tubular member 
98 may be perforated opposite a formation intersected 
by the wellbore 80 from which, or into which, it is desired 
to produce or inject fluid. Altematively, completion of the 
wellbore 80 may be delayed until some other time. 

4$ [0099] The deflection device 92 is retrieved from the 
wellbore connector 74. However, the deflection device 
92 may be installed in the wellbore connector 74 again 
at any time it is desired to pass tools, equipment, etc. 
from the tubular string 76 into the tubular member 98. 

so [01 00] It may now be fully appreciated that the method 
60 provides a convenient and efficient manner of inter- 
connecting the wellbores 72, 80. The tubular members 
70, 98 being cemented in the wellbores 72. 80 and seal- 
ingly attached to the wellbore connector 74, which is ce- 

55 mented within the cavity 68, prevents migration of fluid 
between the wellbores 62, 72, 80. The tubular string 76 
and tubular members 70, 98 being sealingly attached to 
the wellbore connector 74 prevents communication be- 
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tween the fluids conveyed through the tubular members 
and the tubular string, and any earthen formation inter- 
sected by the wellbores 62, 72, 80 (except where the 
tubular members may be perforated or otherwise con- 
figured for such fluid communication). 
[0101] Referring additionally now to FIGS. 3A&3B, 
another method of interconnecting wellbores 110 is rep- 
resentatively illustrated. The method 1 1 0 differs from the 
previously described methods 10, 60 in large part in that 
wellbores interconnected utilizing an expandable well- 
bore connector are not drilled, in whole or in part, 
through the wellbore connector. 
[0102] As shown in FIG. 3A, a parent or main wellbore 
1 1 2 has protective casing 1 1 4 installed therein. Cement 
116 is flowed in the annular space between the casing 
1 1 4 and the wellbore 1 1 2 and permitted to harden there- 
in. A packer 118 having a tubular member 120 sealingly 
attached therebelow and an orienting profile 122 at- 
tached thereabove is conveyed into the wellbore 112. It 
is to be clearly understood, however, that it is not nec- 
essary for these elements to be separately formed, for 
the elements to be positioned with respect to each other 
as shown in FIG. 3A, or for all of these elements to be 
simultaneously conveyed into the wellbore 11 2. For ex- 
ample, the tubular member 1 20 may be a mandrel of the 
packer 118, may be a polished bore receptacle attached 
to the packer, the orienting profile 1 22 may be otherwse 
positioned, or it may be formed directly on the tubular 
member 1 20 or packer 1 1 8, etc. 
[01 03] The packer 1 1 8, tubular member 1 20 and ori- 
enting profile 122 are positioned in the parent wellbore 
112 below an intersection of the parent wellbore and a 
lateral or branch wellbore 124, which has not yet been 
drilled. The packer 1 1 8. tubular member 1 20 and onent- 
ing profile 122 are oriented with respect to the lateral 
wellbore 124 and the packer is set in the casing 114. 
[0104] A deflection device or whipstock 126 is then 
conveyed into the well and engaged with the orienting 
profile 122. The orienting profile 122 causes an upper 
laterally inclined deflection surface 128 formed on the 
deflection device 126 to face toward the lateral wellbore- 
to-be-drilled 124. Alternatively, thedeflection device 126 
could be conveyed into the well along with the packer 
118, tubular member 120 and orienting profile 122. 
[0105] In a window milling operation well known to 
those skilled in the art, at least one cutting tool, such as 
a window mill (not shown) is conveyed into the well and 
laterally deflected off of the deflection surface 128. The 
cutting tool forms a window or opening 1 30 through the 
casing 1 14. One or more additional cutting tools, such 
as drill bits (not shown), are then utilizedto drill outward- 
ly from the opening 1 30, thereby forming the lateral well- 
bore 124. 

[01 06] A liner, casing or other tubular member 1 32 is 
lowered into the lateral wellbore 124 and cemented 
therein. The liner 132 may have a polished bore recep- 
tacle 1 34 or other seal surface at an upper end thereof. 
The deflection device 126 is then retrieved from the well. 



[0107] Referring now to FIG. 3B, an assembly 1 36 is 
conveyed into the well. The assembly 136 includes an 
upper tubular member 138, a packer 140 sealingly at- 
tached above the tubular member 138, an expandable 
s wellbore connector 142, a lower tubular member 144 
sealingly attached below the wellbore connector, and a 
sealing device 146 carried at a lower end of the tubular 
member 144. The wellbore connector 142 is sealingly 
interconnected between the tubular members 1 38, 1 44. 
io The wellbore connector 142 may be similar to the well- 
bore connectors 22, 74 described above, and the seal- 
ing device 146 may be any type of sealing device, such 
as packing, a packer, a sealing device described more 
fully below, etc. 
15 [01 08] When conveyed into the well, the wellbore con- 
nector 142 is in its contracted configuration, so that it is 
conveyable through the casing 114 or other restriction 
in the well. The tubular member 144 engages the ori- 
enting profile, causing the wellbore connector to be ro- 
20 tationaily oriented relative to the lateral wellbore 124, 
that is, so that a lateral flow passage 1 48 of the wellbore 
connector, when extended, faces toward the lateral well- 
bore. At this point, the sealing device 146 may be seal- 
ingly engaged within the packer 118 or tubular member 
25 1 20, for example, If the sealing device 1 46 is a packing 
stack It may be stabbed into a polished bore receptacle 
as the tubular member 1 44 is engaged with the orienting 
profile 1 22. Alternatively, if the sealing device is a packer 
or other type of sealing device, it may be subsequently 
30 set within, or otherwise sealingly engaged with, the 
packer 118 or tubular member 120. The packer 140 may 
be set in the casing 114 once the wellbore connector 
142 has been oriented with respect to the lateral well- 
bore 124. 

35 [01 09] The wellbore connector 1 42 is extended or ex- 
panded, so that the lateral flow passage 148 extends 
outwardly toward the lateral wellbore 124. A portion of 
the wellbore connector 142 may extend into or through 
the opening 130. 
40 [0110] A tubular member 1 50 is conveyed through the 
wellbore connector 1 42 and outward through the lateral 
flow passage 148. This operation may be accomplished 
as described above, that is, by installing a deflection de- 
vice within the wellbore connector 1 42 to laterally deflect 
46 the tubular member 150 through the lateral flow pas- 
sage 148. Of course, other methods of conveying the 
tubular member 150 may be utilized without departing 
from the principles of the present invention. 
[0111] The tubular member 150 has sealing devices 
so 152, 154 carried at upper and lower ends thereof for 
sealing engagement with the wellbore connector 142 
and tubular member 132, respectively. The sealing de- 
vices 152, 154, or either of them, may be of any of the 
types described above, or one or both of them may be 
55 of the type described more fully below. If the tubular 
member 1 32 has the polished bore receptacle 1 34 at its 
upper end, the sealing device 154 may be a packing 
stack and may be sealingly engaged with the polished 
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bore receptacle when the tubular member 150 is dis- 
placed outwardly from the lateral flow passage 1 48. 
[011 2] With the sealing device 146 sealingly engaged 
with the packer 118 or tubular member 120. the packer 
140 set within the casing 114. and the tubular member 
1 50 sealingly interconnected between the wellbore con- 
nector 1 42 and the tubular member 1 32. undesirable flu- 
id migration and fluid communication are prevented. 
The wellbores 112. 124 may be completed as desired. 
Note that cement (not shown), or another cementrtious 
material or other material with appropriate properties, 
may be placed in the space surrounding Ihe wellbore 
connector 142 it desired, to strengthen the wellbore 
junction and for added protection against undesirable 
fluid migration and fluid communication 
mil 3] Referring additionally now to FIGS. 4A&4B an- 
other method of interconnecting wellbores 160 is repre- 
sentatively illustrated. The method 160 is similar m 
many respects to the method 110 described above. El- 
ements which are similar to those previously described 
are indicated in FIGS. 4A&4B using the same reference 
numbers, with an added suffix *a\ 
[0114] in FIG. 4A it may be seen that the lateral well- 
bore 124a has been drilled by deflecting one or more 
cutting tools off of a whipstock 162 attached above ^e 
packer 118a. The whipstock 162 may be hollow, it may 
have an outer case and an inner core. Ihe inner core 
being relatively easily drilled through, etc. Note also 
that the whipstock is oriented with respect to the lateral 
wellbore 124a without utilizing an orienting profile 
[0115] Afterthe lateral wellbore 124a has been dnlled^ 
the tubular member 132a is positioned and cemented 
therein. Another liner, casing or other tubular member 
164 te then conveyed into the well, and a lower end 
thereof laterally deflected into the lateral wellbore 1 24a 
A sealing device 166 carried on the tubular member 164 
lower end sealingly engages the tubular member 132a. 
and a packer, liner hanger, or other sealing and/or an- 
choring device 168 carried on the tubular member 164 
upper end is set within the casing 114a. 
[0116] The tubular member 164 is then cemented 
within the parent and lateral wellbores 112a, 124a. Of 
course, the cement 170 may be placed surrounding the 
tubular member 164 before either or both of the sealing 
devices 168. 166 are sealingly engaged with the casing 
114a and tubular member 132a, respectively. 
f01 17] Note that, although the tubular members 184. 
132a are shown in FIGS. 4A&4B as being separately 
conveyed into the well and sealingly engaged therein, it 
is to be clearly understood that the tubular members 
164 132a may actually be conveyed into the well al- 
ready attached to each other, or they may be only a sin- 
gle tubular member, without departing from the princi- 
ples of the present invention. 
[0118] Whenthecement 170 has hardened, a cutting 
tool (not shown) is used to form an opening 172 through 
a portkx, of the tubular member 164 which overi.es the 
whipstock 162 and extends lateral* across the parent 



wellbore 112a. The opening 172 is formed through the 
tubular member 164 and cement 170. and also through 
the whipstock 162 inner core. 
[0119] Referring now to FIG. 4B, an assembly 174 is 
s conveyed into the tubular member 1 64. The assembly 
174 includes an expandable wellbore connector 176. tu- 
bular members 178. 180. 182, and sealing devices 184, 
186, 188. Each of the tubular members 178, 180, 182 
is sealingly interconnected between a corresponding 
to one of the sealing devices 184. 186. 188 and the well- 
bore connector 176. The tubular member 1 80 and seal- 
ing device 186 connected at a lateral flow passage 190 
of the wellbore connector 176 may be retracted or con- 
tracted with the lateral flow passage to permit their con- 
ts veyance through Ihe casing 114a and tubular member 
164. 

[0120] Alternatively, the representatively illustrated 
elements 176, 178. 180. 182, 184. 186. 188 of the as- 
sembly 1 74 may be conveyed separately into the tubular 
20 member 164 and then interconnected therein, various 
subassemblies or combinations of these elements may 
be interconnected to other subassemblies, etc. For ex- 
ample, the sealing device 188 and tubular member 182 
may be initially installed in the well and the sealing de- 
25 vice sealingly engaged within the packer 118a ortubular 
member 120a. and then the wellbore connector 176, tu- 
bular members 178, 180 and sealing devices 184. 186 
may be conveyed into the well, the wellbore connector 
176 extended or expanded, the wellbore connector 
30 sealingly engaged with the tubular member 182, and the 
sealing devices 184. 186 sealingly engaged within the 
tubular member 164. As another example, the sealing 
device 1 86 and tubular member 1 80 may be installed in 
the tubular member 164 before the remainder of the as- 
35 sembly 174. Thus, the sequence of installation of the 
elements of the assembly 174. and the combinations of 
elements installed in that sequence, may be varied with- 
out departing from the principles of the present inven- 
tion. 

to [0121] The wellbore connector 176 is oriented within 
the tubular member 1 64. so that the lateral flow passage 
1 90 is directedtowardthe lateral wellbore 124a For this 
purpose, an orienting profile (not shown) may be at- 
tached to the packer 118a as described above. The 
45 sealing devices 184, 188 are sealingly engaged within 
the tubular member 164, and the tubular member 120a 
and/or packer 118a, respectively. 
[01 22] The wellbore connector 1 76 is expanded or ex- 
tended, the tubular member 1 80 and sealing device 1 86 
so extending into the tubular member 164 below the open- 
ing 172. The sealing device 186 is then sealingly en- 
gaged within the tubular member 164. Note that it may 
be desired to displace the wellbore connector 176 while 
it is being expanded or extended, to facilitate passage 
55 of the tubular member 180 and sealing device 186 into 
the tubular member 164 below the opening 172, there- 
fore, the sealing devices 184. 188 may not be sealingly 
engaged with the tubular member 164 and packer 11 8a 
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and/ortubular member 120a, respectively, until afterthe 
wellbore connector has been expanded or extended 
and the sealing device 1 86 has been sealingly engaged 
within the tubular member 164. 
[0123] Referring additionally now to FIGS. 5A-5D, an- 
other method of interconnecting wellbores 200 is repre- 
sentatively illustrated. The method 200 utilizes a unique 
apparatus 202 for forming an opening 204 through cas- 
ing 206 lining a parent or main wellbore 208. 
[01 24] As shown in FIG.5A, initial steps of the method 
200 have been performed. The apparatus 202 is con- 
veyed into the well and positioned adjacent a desired 
intersection of the parent wellbore 208 and a desired 
lateral wellbore 210 (see FIG. 5D). The apparatus 202 
includes a deflection device or whipstock 212, an orient- 
ing profile 214, a packer or other sealing and/or anchor- 
ing device 21 6, a tubular member 218 , and a cutting tool 
or mill 220. 

[0125] The mill 220 is shown as being attached to the 
whipstock 212 by means of a shear member 222, but it 
is to be clearly understood that the mill and whipstock 
may be otherwise attached, and the mill and whipstock 
may be separately conveyed into the well, without de- 
parting from the principles of the present invention. Sim- 
ilarly, the whipstock 21 2 is shown as being engaged with 
the orienting profile 214 as they are conveyed into the 
well, but the packer 216, orienting profile and tubular 
member 218 may be conveyed into the well separate 
from the whipstock and mill 220. The whipstock 21 2 may 
be secured relative to the orienting profile 214, packer 
216 and/or tubular member 218 using a conventional 
anchoring device, if desired. 

[0126] The apparatus 202 is oriented relative to the 
desired lateral wellbore 210 and the packer 216 is set 
within the casing 206. With the whipstock engaged with 
the orienting profile 214, an upper laterally inclined de- 
flection surface 224 of the whipstock 21 2 faces toward 
the desired lateral wellbore 210. 
[0127] Referring now to FIG. SB, the mill 220 is dis- 
placed downwardly to shear the shear member 222, for 
example, by applying the weight of a drill string or other 
tubular string 226 attached thereto to the mill. The mill 
220 is rotated as a downwardly extending generally cy- 
lindrical guide portion 228 is deflected laterally by the 
deflection surface 224. Eventually, the mill 220 is dis- 
placed downwardly and laterally sufficiently far for the 
mill to contact and form the opening 204 through the 
casing 206. 

[0128] The whipstock 212 includes features which 
permit the mill 220 to longitudinally extend the opening 
204, without requiring the mill 220 to be displaced later- 
ally any more than that needed to cut the opening 
* through the casing 206. Specifically, the whipstock in- 
cludes a body 230 having a guide layer 232 attached to 
a generally longitudinally extending guide surface 234. 
Thus, the mill 220 cuts through the guide layer 232 Jbut 
does not penetrate the guide surface 234 of the body 
230. The guide layer 232 may be made of a matenal 



having a hardness substantially less than that of the 
body 230, thereby permitting the mill 220 to relatively 
easily cut through the guide layer. 
[01 29] The guide portion 228 bears against the gu ide 
5 layer 232 as the mill 220 is displaced longitudinally 
downward, thereby preventing the mill from displacing 
laterally away from the casing 206. The guide portion 
also prevents the mill 220 from cutting into the guide 
surface 234. In this manner, the opening 204 is cut 



10 through the casing 206 and axially elongated by longi- 
tudinally displacing the mill relative to the whipstock 21 2. 
[01 30] The mill 220 may also cut through cement 236 
surrounding the casing 206. The mill 220 may cut the 
opening 204 sufficiently laterally outward that an ex- 
16 pandable wellbore connector 238 (see FIG. 5C) may be 
expanded or extended therein. Alternatively, the open- 
ing 204 may be enlarged outward to form a cavity 240 
using conventional procedures, such as hydraulic jet 
cutting, etc., in order to provide sufficient space to ex- 
20 pand or extend the wellbore connector 238. 

[0131] After the opening 204 has been formed, the 
mill 220, drill string 226 and whipstock 212 are retrieved 
from the well. The mill 220, whipstock 212 and any an- 
choring device securing the whipstock to the orienting 
2S profile 214, packer 21 6 and/or tubular member 218 may 
be retrieved together or separately. For example, the 
mill 220, drill string 226 and whipstock 212 may be re- 
trieved together by picking up on the drill string/causing 
the mill to engage a structure, such as a ring neck (not 
30 shown), attached to the whipstock. which applies an up- 
wardly directed force to the whipstock and disengages 
the whipstock from the orienting profile 214, packer 21 6 
and/or tubular member 218. The packer 216, orienting 
profile 214 and tubular member 218, however, remain 
35 positioned in the casing 206 as shown in FIG. SB. 
[01 32] Referring now to FIG. SC, an assembly 242 is 
conveyed into the well and engaged with the orienting 
profile 214. The assembly 242 includes the wellbore 
connector 238, an upper packer or other sealing and/or 
40 anchoring device 244, a lower sealing device 246. an 
upper tubular member 248 sealingly interconnected be- 
tween the packer 244 and the wellbore connector, and 
a tower tubular member 250 sealingly interconnected 
between the sealing device 246 and the wellbore con- 
45 nector. Engagement of the assembly 242 with the ori- 
enting profile 214 causes a lateral flow passage 252 of 
the wellbore connector 238 to face toward the opening 
204 when the wellbore connector is expanded or ex- 
tended as shown in FIG. SC. 
so [0133] With the wellbore connector 238 oriented as 
shown, the sealing device 246 is sealingly engaged with 
the packer 216 and/or-the tubular member 218. The 
packer 244 is set in the casing 206, thereby anchoring 
the wellbore connector 238 in the position shown in FIG. 
55 5C. The wellbore connector 238 is expanded or extend- 
ed, so that the lateral flow passage 252 extends out- 
wardly therefrom. Note that cement may be placed in 
the space surrounding the wellbore connector 238, as 
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described for the methods 10 and 60 above, the parent 
wellbore may be extended, etc., without departing from 
the principles of the present invention. 
[01 34] A deflection device 254 is positioned within the 
wellbore connector 238. An upper laterally inclined de- 
flection surface 256 formed on the deflection device 254 
faces toward the flow passage 252. The deflection de- 
vice 254 may be engaged with an orienting profile 258 
(see FIG. 5D) formed on, or attached to, the wellbore 
connector 238. 

[01 35] Referring now to FIG. 5D, the lateral wellbore 
210 is drilled by passing a cutting tool (not shown) 
through the tubular member 248 and into the wellbore 
connector 238, laterally deflecting the cutting tool off of 
the deflection surface 256 and through the flow passage 
252, and drilling into the earth. A liner, casing, or other 
tubular member 260 is then installed in the lateral well- 
bore 210. A sealing device 262 carried at an upper end 
of the tubular member 260 is sealingly engaged with the 
wellbore connector 238 at the flow passage 252. 
[0136] The tubular member 260 may be cemented 
within the lateral wellbore 210 at the same time, or sub- 
sequent to, placement of cement, if any, surrounding the 
wellbore connector 238. Alternatively, the tubular mem- 
ber 260 may be sealingly engaged with another tubular 
member (not shown) previously cemented within the lat- 
eral wellbore 210, in a manner similar to that shown in 
FIG. 3B and described above. 
[0137] Referring additionally now to FIGS. 6A&6B, a 
sealing device 266 and a method of sealingly intercon- 
necting tubular members 268 are representatively illus- 
trated. The sealing device 266 may be utilized for any 
of the sealing devices described above, and the method 
268 may be utilized for sealingly interconnecting any of 
the tubular members or tubular portions of elements de- 
scribed above. 

[01 38] Referring now to FIG. 6A, the sealing device 
266 includes a tubular member 270 having a radially re- 
duced portion 272. A sealing material 274 is carried ex- 
ternally on the radially reduced portion 272. A circum- 
ferentially continuous grip member or slip 276 is also 
carried externally on the radially reduced portion 272. 
[01 39] The sealing material 274 may be an elastomer, 
a non-elastomer, a metallic sealing material, etc. The 
sealing material 274 may be molded onto the radially 
reduced portion 272, bonded thereto, separately fitted 
thereto, etc. As shown in FIG. 6A, the sealing material 
274 is generally tubular in shape with generally smooth 
inner and outer side surface, but the sealing material 
could have grooves, ridges, etc. formed thereon to en- 
hance sealing contact between the sealing materia! and 
the tubular member 270, or another tubular member in 
which it is expanded. Additionally, backup rings (not 
shown) or other devices for enhancing performance of 
the sealing material 274 may also be positioned on the 
radially reduced portion 272. 

[01 40] The grip member 276 is representatively illus- 
trated in FIG. 6A as being molded within the sealing ma- 



terial 274, but the grip member could alternatively be 
separately disposed on the radially reduced portion 272, 
or on another radially reduced portion formed on the tu- 
bular member 270. The grip member 276 has a gener- 
s ally diamond-shaped cross-section, with an apex 278 
thereof extending slightly outward from the sealing ma- 
terial 274, and an apex 280 contacting the radially re- 
duced portion 272. 

[0141] When the radially reduced portion 272 is radi- 
70 ally outwardly extended, as described more fully below, 
the apex 280 bites into and grips the radially reduced 
portion 272 and the apex 278 bites into and grips the 
tubular member or other structure 282 (see FIG. 6B) in 
which the sealing device 266 is received. The diamond 
is or other shape may be used to create a metal-to-metal 
seal between the tubular members 270, 282, provide ax- 
ial gripping force therebetween, etc. However, it is to be 
clearly understood that the grip member 276 could be 
shaped otherwise, and could grip the tubular members 
20 270, 282 and other structures in other manners, without 
departing from the principles of the present invention. 
For example, alternate shapes for the grip member 276 
may be utilized to increase gripping force, provide seal- 
ing ability, limit depth of penetration into either tubular 
25 member 270, 282, etc. 

[0142] The grip member 276 extends continuously 
circumf erentially about the radially reduced portion 272. 
As it extends about the radially reduced portion 272, the 
grip member 276 undulates longitudinally, as may be 
50 clearly seen in the left side elevational view portion of 
FIG. 6 A. Thus, the grip member 276 is circumferentialry 
corrugated, which enables the grip member to be con- 
veniently installed on the radially reduced portion 272, 
prevents the grip member from rotating relative to the 
35 radially reduced portion (that is, maintains the apexes 
278, 280 facing radially outward and inward, respective- 
ly), and permits the grip member to expand circumfer- 
entialry when the radially reduced portion is extended 
radially outward. It is, however, not necessary m keeping 
40 with the principles of the present invention for the grip 
member 276 to be circumferentialry continuous, for the 
grip member to be circumferentialiy corrugated, or for 
the grip member to be included in the sealing device 266 
at ail, since the sealing device may sealingly engage an- 
45 other structure without utilizing the grip member. 

[01 43] The grip member 276 is shown as being made 
of a metallic material, such as hardened steel, but it is 
to be understood that it may alternatively be made of 
any other type of material. For example, the grip mem- 
50 ber276 could be an aggregate-covered non-eiastomer- 
ic material, the aggregate gripping the tubular member 
270 and the structure in which it is received when the 
radially reduced portion 272 is radially outwardly ex- 
tended. Additionally, note that the grip member 276 may 
55 serve as a backup for the sealing material 274, prevent- 
ing extrusion of the sealing material when fluid pressure 
is applied thereto. Indeed, multiple grip members 276 
could be provided for axially straddling the sealing ma- 
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terial 274, so that the sealing material is confined ther- 
ebetween when the radially reduced portion 272 is ra- 
dially outwardly extended. 

[0144] The radially reduced portion 272 presents an 
internal diametrical restriction within the tubular member s 
270 as representatively illustrated in FIG. 6A. Prefera- 
bly, but not necessarily, the radially reduced portion 272 
presents the minimum internal dimension of the tubular 
member 270, so that when the radially reduced portion 
is radially outwardly extended, the minimum internal di- to 
mension of the tubular member is increased thereby. In 
this manner, access and fluid flow through the tubular 
member 270 are enhanced when the radially reduced 
portion 272 is radially outwardly extended. 
[0145] Referring now to FIG. 6B, the sealing device is 
266 is representatively illustrated received within anoth- 
er tubular member 282. with the radially reduced portion 
272 radially outwardly extended. The tubular member 
282 could alternatively be another type of structure, not 
necessarily tubular, in which the radially reduced portion #> 
272 may be extended and the sealing material 274 may 
be sealingly engaged. 

[0146] The grip member 276 now grippingly engages 
both tubular members 270. 282. The apex 280 has 
pierced the outer surface of the radially reduced. portion 2$ 
272 and the apex 278 has pierced the Inner surface of 
the tubular member 282. Relative axial displacement 
between the tubular members 270, 282 is, thus, pre- 
vented by the grip member 276. Additionally, since the 
grip member 276 is circumf erentially corrugated (or oth- *> 
erwise may extend at least partially longitudinally be- 
tween the tubular members 270, 282), relative rotational 
displacement between the tubular members is also pre- 
vented. It will also be readily appreciated that the gnp 
member 276 may form a metal-to-metal or other type of 35 
seal between the tubular members 270, 282 and, thus, 
the grip member may itself be a sealing material. 
[0147] The sealing material 274 now extends radially 
outward beyond the outer side surface of the tubular 
member 270 and sealingly engages the inner side sur- «? 
face of the tubular member 282. Note that, prior to radi- 
ally outwardly extending the radially reduced portion 
272, the sealing material 274. as well as the grip mem- 
ber 276, is radially inwardly disposed relative to the out- 
er side surface of the tubular member 270 (see FIG. 6A), 
thus preventing damage to these elements as the tubu- 
lar member is conveyed within a well, inserted into or 
through other structures, etc. 
[01 48] When the radially reduced portion 272 is radi- 
ally outwardly extended, a longitudinal portion 284 of the 
tubular member 282 may also be radially outwardly dis- 
placed as shown in FIG. 6B. The radially reduced por- 
tion 272 is preferably, but not necessarily, plastically de- 
formed when it is radially outwardly extended, so that it 
remains radially outwardly extended when the force 
causing the outward extension is removed. As shown in 
FIG. 6B, the radially reduced portion 272 may actually 
extend radially outward beyond the remainder of the 



outer side surface of the remainder of the tubular mem- 
ber 270 when the force is removed. 
[01 49] The longitudinal portion 284 is also preferably, 
but not necessarily, plastically deformed when it is radi- 
ally outwardly displaced. In this manner, the longitudinal 
portion 284 will continue to exert a radially inwardly di- 
rected compressive force on the sealing material 274 
and/or grip member 276 when the force causing the out- 
ward extension is removed from the radially reduced 
portion 272. 

[01 SO] It will be readily appreciated by one skilled in 
the art that the sealing device 266 and method 268 de- 
scribed above and shown in FIGS. 6A&6B permits a tu- 
bular member to be sealingly engaged with another tu- 
bular member or other structure utilizing very little cross- 
sectional thickness. Thus, minimal internal dimensional 
restriction, if any, is caused by the sealing device 266 
after it is radially outwardly extended. Additionally, very 
little internal dimensional restriction is presented by the 
radially reduced portion 272, even when it has not been 
radially outwardly extended. 

[0161] Representatively illustrated in FIGS. 6C-6F 
are examples of alternate forms of the grip member 276. 
It will be readily appreciated by a person skilled in the 
art that FIGS. 6C&D demonstrate forms of the grip mem- 
ber 276 which limit penetration of the grip member into 
the tubular members 270, 282, FIGS. 6D&F demon- 
strate that the grip member 276 is not necessarily sym- 
metrical in shape, FIG. 6F demonstrates that the grip 
member does not necessarily penetrate the surfaces of 
the tubular members, and FIG. 6E demonstrates that 
the grip member may be longitudinally grooved or oth- 
erwise provided with alternate types of gripping surfac- 
es. Thus, the grip member 276 may have any of a variety 
of shapes without departing from the principles of the 
present invention. 

[01 52] Referring additionally now to FIG. 7, a method 
286 of radially outwardly extending the sealing device 
266 is representatively illustrated. The sealing device 
266 is shown in FIG. 7 in dashed lines before it is radially 
outwardly extended, and in solid lines after it is radially 
outwardly extended. 

[01 53] To radially outwardly extend the sealing device 
266, a tool, such as a conventional roller swage 288 
4S (shown schematically in dashed lines in FIG. 7) or other 
swaging tool, etc., is installed in the tubular member 
270. The swage 288 is rotated and longitudinally 'dis- 
placed through at least the radially reduced portion 272. 
The radially reduced portion 272 is thereby radially out- 
so wardly extended and the sealing device 266 sealingly 
and grippingly engages the tubular member 282. 
[01 54] Additionally, the swage 288 may be displaced 
through all or a portion of the remainder of the tubular 
member 270 as shown in FIG. 7. In this manner, the tu- 
55 bular member 270 may more conveniently be installed 
in, passed through, etc., the tubular member 282 before 
it is radially outwardly extended by the swage 288. Fur- 
thermore, the swage 288 may also be used to radially 
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outwardly extend the tubular member 282 or conform it 
to a shape more readily sealingly engaged by the seal- 
ing device 266. For example, if the tubular member 282 
is a previously contracted or retracted portion of a well- 
bore connector (such as the tubular structure surround- 
ing the lateral flow passage 26 of the wellbore connector 
22 shown in FIG. 1D) ( which has been expanded or ex- 
tended, the swage 288 may be used to appropriately 
shape the flow passage 26 prior to insertion of the tubu- 
lar member 52 therethrough. 
[01 55] Note that, as shown in FIG. 7, after the sealing 
device 266 is radially outwardly extended, the internal 
diameter of the tubular member 270 is at least as great 
as the internal diameter of the tubular member 282. 
Thus, the sealing device 266 permits the tubular mem- 
bers 270, 282 to be sealingly and grippingly engaged 
with each other, without presenting an internal dimen- 
sional restriction, even though one of the tubular mem- 
bers is received within, or passed through, the other tu- 
bular member. 

[01 56] Referring additionally now to FIG. 8, another 
method of radially outwardly extending a sealing device 
290 is representatively illustrated. Additionally, a sealing 
device configured as a packer 292 is representatively 
illustrated. Elements which are similar to those previ- 
ously described are indicated in FIG. 8 using the same 
reference numbers, with an added suffix V. 
[0157] The packer 292 includes a generally tubular 
member 294 having two longitudinally spaced apart ra- 
dially reduced portions 272b formed thereon. A sealing 
material 274b and grip member 276b is carried exter- 
nally on each of the radially reduced portions 272b. It is 
to be clearly understood, however, that the packer 292 
may include any number of the radially reduced portions 
272b sealing materials 274b and grip members 276b, 
including one, and that any number of the sealing ma- 
terials and grip members may be carried on one of the 
radially reduced portions. For example, multiple sealing 
materials 274b and/or grip members 276b may be dis- 
posed on one radially reduced portion 272b. Additional- 
ly the packer 292 may actually be configured as another 
type of sealing and/or anchoring device, such as a tub- 
ing hanger, plug, etc. 

[01 58] At opposite ends thereof, the tubular member 
294 has latching profiles 296 formed internally thereon. 
Seal bores 298 are formed internally adjacent the latch- 
ing profiles 296. The latching profiles 296 and seal bores 
298 permit sealing attachment of tubular members, 
tools, equipment, etc. to the packer 292. Of course, oth- 
er attachment and sealing elements may be used in ad- 
dition to, or in place of the latching profiles 296 and seal 
bores 298. For example, the packer 292 may be provid- 
ed with internal or external threads at one or both ends 
for interconnection of the packer in a tubular stnng. 
[0159] As representatively depicted in FIG. 8, a set- 
ting tool 300 is latched to the upper latching profile 296 
for conveying the packer 292 into a well and setting the 
packer therein. The setting tool 300 has axially spaced 



apart annular elastomeric members 302 disposed on a 
generally rod-shaped mandrel 304. An annular spacer 
306 maintains the spaced apart relationship of the elas- 
tomeric members 302. Each of the elastomeric mem- 
s bers 302 is thus positioned radially opposite one of the 
radially reduced portions 272b. 
[0160] With the setting tool 300 in the configuration 
shown in FIG. 8, the packer 292 may be conveyed within 
a tubular member (not shown) in a well. However, when 
10 the setting tool 300 is actuated to set the packer 292, 
the radially reduced portions 272b are radially outwardly 
extended, so that the packer sealingly and grippingly en- 
gages the tubular member (see FIG. 10). Radially out- 
ward extension of the radially reduced portions 272b is 
is accomplished by displacing the mandrel 304 upward as 
viewed in FIG. 8 relative to the portion of the setting tool 
latched to the latching profile 296. The elastomeric 
members 302 will be thereby axially compressed be- 
tween a radially enlarged portion 308 formed on the 
to mandrel 304, the spacer 306, and the portion of the set- 
ting tool latched to the upper latching profile 296. When 
the elastomeric members 302 are axially compressed, 
they become radially enlarged, applying a radially out- 
wardly directed force to each of the radially reduced por- 
25 tions272b. 

[0161] The mandrel 304 may be upwardly displaced 
to compress the elastomeric members'302 in tny of a 
number ofways. For example, fluid pressure could be 
applied tothe setting tool 300 to displace a piston therein 
30 connected to the mandrel 304, a threaded member of 
the setting tool engaged with the mandrel could be ro- 
tated to displace the mandrel, etc. 
[0162] Referring additionally now to FIG. 9. yetanoth- 
er method 310 of setting the packer 292 is representa- 
55 tivery illustrated. In the method 310, a setting tool 312 
is latched to the upper latching profile 296, in a manner 
similarthat used to latch the setting tool 300 tothe pack- 
er 292 in the method 290 described above. The setting 
tool 312 includes spaced apart seals 314, 316, which 
40 internally sealingly engage the tubular member 294 
above and below the radially reduced portions 272b. A 
flow passage 31 8 extends internally from within the set- 
ting tool 312 to the annular space radially between the 
setting tool and the tubular member 294 and axially be- 
4S tween the seals 314, 316. 

[01 63] When it is desired to set the packer 292, fluid 
pressure is applied to the flow passage 318. The fluid 
pressure exerts a radially outwardly directed force to the 
interior of the tubular member 294 between the seals 
so 31 4, 31 6, thereby radially outwardly extending the radi- 
ally reduced portions 272b. The fluid pressure may be 
applied to the flow passage 318 in any of a number of 
ways, for example, via a tubular string attached to the 
setting tool 312, combustion of a propellant within the 
55 setting tool, etc. 

[0164] Referring additionally nowto FIG. 10,thepack- 
er 292 is representatively illustrated set within casing 
322 lining a wellbore 324. The packer 292 sealingly and 
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grippingly engages the casing 322. Note that the casing 
322 is radially outwardly deformed opposite the radially 
outwardly extended radially reduced portions 272b, but 
such deformation is not necessary according to the prin- 
ciples of the present invention. 
[0165] FIG. 10 representatively illustrates a method 
320 of unsetting the packer 292 after It has been set, so 
that the packer may be retrieved or otherwise displaced 
from or within the well. A service tool 326 is conveyed 
into the casing 322 and inserted into the packer 292. 
The service tool 326 is latched to the upper and lower 
latching profiles 296 in a conventional manner. 
[01 66] Fluid pressure is then applied to a piston 328 
attached to, or formed as a portion of, an elongated 
mandrel 330, which is latched to the tower latching pro- 
file 296. An axially downwardly directed force is thereby 
applied to the mandrel 330. This force causes the lower 
end of the tubular member 294 to be displaced axially 
downward relative to the upper end thereof, axially elon- 
gating the tubular member and causing the tubular 
member to radially inwardly retract. 
[01 67] When sufficient force is applied to elongate the 
tubular member 294, the sealing material 274b and grip 
members 276b will disengage from the casing 322, per- 
mitting the packer 292 to be retrieved from the well or 
otherwise displaced relative to the casing. The fluid 
pressure may be applied to the piston 328 in any of a 
number of ways, such as via a tubular string attached 
to the tool 326, combustion of a propellant within the 
setting tool, etc. 

[0168] It will be appreciated that the invention de- 
scribed above may be modified. 



Claims 

1 . A method of interconnecting first and second well- 
bores, the method comprising the steps of: forming 
a radially enlarged cavity in the first wellbore below 
casing lining the first wellbore; positioning a well- 
bore connector within the cavity, the wellbore con- 
nector being configurable in expanded and con- 
tracted configurations; and expanding the wellbore 
connector within the cavity. 

2. A method of interconnecting first and second well- 
bores, the method comprising the steps of: position- 
ing a wellbore connector within the first wellbore, 
the wellbore connector being configurable in ex- 
panded and contracted configurations; expanding 
the wellbore connector after the positioning step; 
and forming the second wellbore by passing a cut- 
ting tool through the welttx>re connector. 

3. A method of interconnecting first and second well- 
bores, the method comprising the steps of: forming 
a cavity through a sidewall of a tubular structure lin- 
ing the first wellbore; positioning a wellbore connec- 



tor in the tubular structure opposite the cavity, the 
wellbore connector being configurable in expanded 
and contracted configurations; and expanding a 
portion of the wellbore connector into the cavity. 

5 

4. A method of interconnecting first and second well- 
bores, the method comprising the steps of: position- 
ing a wellbore connector in the first wellbore, the 
wellbore connector being configurable in expanded 

to and contracted configurations; disposing a first tu- 
bular member in the second wellbore; and sealingly 
engaging a second tubular member with the well- 
bore connector and the first tubular member, the 
second tubular member thereby permitting fluid 

is communication between the wellbore connector 
and the first tubular member. 

6. A method of interconnecting first and second well- 
bores, the method comprising the steps of: position- 
20 ing a wellbore connector in the first wellbore; posi- 
tioning a first tubular member in the second well- 
bore; installing one opposite end of a second tubu- 
lar member within a tubular portion of the wellbore 
connector installing the other opposite end of the 
25 second tubular member within the first tubular 
member, radially outwardly deforming the one op- 
posite end, thereby sealingly engaging the second 
tubular member with the wellbore connector, and 
sealingly engaging the second tubular member with 
so the first tubular member. 

6. A method of interconnecting first and second wdll- 
bores of a subterranean well, the method compris- 
ing the steps of: installing a first tubular member in 

as the well, a first portion of the first tubular member 
extending axially within the first wellbore, a second 
portion of the first tubular member extending later- 
ally across the first wellbore, and a third portion of 
the first tubular member extending into the second 
40 wellbore; forming an opening through the first tubu- 
lar member second portion; positioning a wellbore 
connector within the first tubular member; and seal- 
ingly engaging the wellbore connector within the 
first tubular member. 

45 

7. A method of interconnecting first and second well- 
bores, the method comprising the steps of: position- 
ing a deflection device within the first wellbore, the 
deflection device having a substantially tongitudh 

so nally extending guide layer outwardly overlying a 
body of the deflection device, and the guide layer 
having a hardness substantially less than that of the 
body; and displacing a cutting tool substantially lon- 
gitudinally relative to the deflection device, a guide 

55 portion of the cutting tool contacting the guide layer, 
thereby guiding the cutting tool to cut an opening 
through a tubular structure fining the first wellbore 
while cutting through the guide layer. 
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8. Apparatus for forming an opening through a tubular 
structure lining a wellbore, the apparatus compris- 
ing: an elongated body having a generally longitu- 
dinally extending surface formed thereon; and a 
guide layer attached to the surface, the guide layer s 
having a hardness substantially less than that of the 
body. 

9 A method of sealing a first tubular member within a 
second tubular member, the method comprising the f o 
steps of: providing the first tubular member having 
a radially reduced portion and a sealing material po- 
sitioned circumf erentially and externally on the ra- 
dially reduced portion; inserting the first tubular 
member within the second tubular member, and ra- « 
dially outwardly extending the radially reduced por- 
tion, thereby compressing the sealing material be- 
tween the first and second tubular members. 

10. Apparatus for sealing engagement with a tubular 
structure, the apparatus comprising: a generally tu- 
bular member having a radially reduced portion 
formed thereon; a sealing material externally dis- 
posed on the radially reduced portion; and a grip 
member externally disposed on the radially reduced * 
portion. 
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FIG. 1A 
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FIG. IB 
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FIG. 1C 
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FIG. ID 



20 



EP 0 961 007 A2 




FIG. 2A 
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FIG. 2B 
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FIG. 2C 
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FIG. 3B 
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FIG. 4A 
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FIG. 5D 
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FIG. 6A 
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FIG. 9 
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